S evere sepsis has a reported annual incidence in adults of up to 300 cases per 100,000 population. [1] [2] [3] Despite decreasing mortality from sepsis in recent years, 4 the risk of death remains high. 5, 6 The fundamental principles for the management of sepsis include early recognition, control of the source of infection, appropriate and timely administration of antimicrobial drugs, and resuscitation with intravenous fluids and vasoactive drugs.
Patients presenting to the emergency department account for a large proportion of patients with severe sepsis. 7 Reported in-hospital mortality ranges in this subgroup from 20 to 50%. 3, [8] [9] [10] In 2001, a proof-of-concept, randomized trial showed that early hemodynamic resuscitation according to a specific protocol termed early goal-directed therapy (EGDT) improved outcomes in patients presenting to the emergency department with severe sepsis, as compared with usual therapy. 11 EGDT was subsequently incorporated into the 6-hour resuscitation bundle of the Surviving Sepsis Campaign guidelines, [12] [13] [14] and a number of nonrandomized studies showed a survival benefit with bundle-based care that included EGDT. [15] [16] [17] [18] Despite such successes, considerable controversy has surrounded the role of EGDT in the treatment of patients with severe sepsis. Concerns have included the potential risks associated with individual elements of the protocol, 19, 20 uncertainty about the external validity of the original trial, and the infrastructure and resource requirements for implementing EGDT. 21, 22 In a randomized trial conducted in 31 academic centers in the United States (Protocolized Care for Early Septic Shock [ProCESS]), 10 protocolbased resuscitation (a combination of EGDT and protocol-based standard therapy) was not associated with a survival benefit, as compared with usual care that was not protocol-based. Whether these results would hold up outside the United States and across a variety of academic and nonacademic health care settings is unknown; more evidence is needed to provide clinical direction. 23 We designed the multicenter Australasian Resuscitation in Sepsis Evaluation (ARISE) study to test the hypothesis that EGDT, as compared with usual care, would decrease 90-day all-cause mortality among patients presenting to the emergency department with early septic shock in diverse health care settings.
Me thods

Study Design and Oversight
From October 5, 2008 , to April 23, 2014, we conducted this prospective, randomized, parallelgroup trial in 51 tertiary care and nontertiary care metropolitan and rural hospitals. Most centers were in Australia or New Zealand, with 6 centers in Finland, Hong Kong, and the Republic of Ireland (Table S1 in the Supplementary Appendix, available with the full text of this article at NEJM.org). 24 Participating institutions did not have sepsis-resuscitation protocols at the time of site selection, and usual care did not include resuscitation guided by measurement of the central venous oxygen saturation (Scvo 2 ). 25 The ARISE study was one of three collaborative, harmonized studies, along with the ProCESS trial 10 and the Protocolized Management in Sepsis (ProMISe) trial (Current Controlled Trials number, ISRCTN36307479), designed to address the effectiveness of EGDT. 24 The study protocol was approved by the ethics committee at Monash University, which was the coordinating center, and at each participating institution. The protocol and statistical analysis plan are available at NEJM.org. Prior informed written consent or delayed consent was obtained from all patients or their legal surrogates. The trial was overseen by an independent data and safety monitoring committee. Scvo 2 monitors were loaned to participating sites by Edwards Lifesciences, which had no other role in the conduct of the study.
Study Population
Patients 18 years of age or older who met the eligibility criteria within 6 hours after presentation to the emergency department were assessed for enrollment. Eligibility criteria were a suspected or confirmed infection, two or more criteria for a systemic inflammatory response 26 (see the Methods section in the Supplementary Appendix), and evidence of refractory hypotension or hypoperfusion. Refractory hypotension was defined as a systolic blood pressure of less than 90 mm Hg or a mean arterial pressure of less than 65 mm Hg after an intravenous fluid challenge of 1000 ml or more administered within a 60-minute period. Hypoperfusion was defined as a blood lactate level of 4.0 mmol per liter or more. Ran- domization was required within 2 hours after fulfillment of the final inclusion criterion. The initiation of the first dose of intravenous antimicrobial therapy was mandated before randomization. The study exclusion criteria are provided in the Methods section in the Supplementary Appendix.
Randomization
Eligible patients were randomly assigned in a 1:1 ratio to receive either EGDT or usual care for 6 hours. Randomization was stratified according to study center with the use of a permutedblock method and was performed by means of a centralized telephone interactive voice-response system that was accessible 24 hours a day. Because of the nature of the intervention, all patients and clinicians involved in their care were aware of study-group assignments.
Study Treatments
For patients in the usual-care group, decisions about the location of care delivery, investigations, monitoring, and all treatments were made by the treating clinical team. Scvo 2 measurement was not permitted during the 6-hour intervention period. Data were collected regarding insertion of invasive monitoring devices, intravenous-fluid resuscitation, vasoactive support, red-cell transfusion, mechanical ventilation, and other supportive therapy. For patients in the EGDT group, the intervention was provided by a study team trained in EGDT delivery. Both the care providers and location of delivery were dependent on local resources. Thus, investigators used EGDT implementation models based in the emergency department, the intensive care unit (ICU), or both. A multifaceted intervention was used to standardize EGDT delivery across sites. 24 Details of EGDT implementation, personnel, and location are provided in Table S1 and Figure S1 in the Supplementary Appendix.
In the EGDT group, an arterial catheter and a central venous catheter capable of continuous Scvo 2 measurement (Edwards Lifesciences) were inserted within 1 hour after randomization. The resuscitation algorithm was based on the original EGDT algorithm 11 and was followed until 6 hours after randomization (Fig. S1 in the Supplementary Appendix).
Study Outcomes
The primary study outcome was death from any cause within 90 days after randomization. Secondary and tertiary outcomes included survival time from randomization to 90 days; mortality in the ICU; mortality at 28 days; in-hospital mortality at 60 days; cause-specific mortality at 90 days 27 ; length of stay in the emergency department, ICU, or elsewhere in the hospital; receipt and duration of mechanical ventilation, vasopressor support, or renal-replacement therapy; destination at the time of discharge (for surviving inpatients); limitation of therapy (e.g., do-not-resuscitate order) at the time of death (for nonsurvivors); and adverse events.
Statistical Analysis
All analyses were conducted according to a statistical analysis plan that was reported previously. 28 The sample-size calculation was based on an assumed in-hospital rate of death in the usual-care group of 28%, 25, 29 with an increment of 10 percentage points (38%) for the rate of death at 90 days. 8, 30 Thus, an enrollment of 1600 patients would have a power of 85 to 90% (at a two-sided alpha level of 0.05) to detect an absolute risk reduction of 7.6 percentage points (or a relative risk reduction of 20%) in the EGDT group, with allowance for a plausible range of loss to follow-up. One interim analysis was planned and performed after the enrollment of 50% of the patients, with the use of a two-sided, symmetric O'Brien-Fleming design and a two-sided P value of 0.005; this analysis was reviewed by the independent data and safety monitoring committee.
All analyses were conducted according to the intention-to-treat principle. No assumptions were made for missing or unavailable data. We report continuous variables as means (±SD) or medians and interquartile ranges, and categorical variables as proportions. We used Student's t-test or the Wilcoxon rank-sum test to analyze between-group differences, as appropriate. Fisher's exact test was used for categorical variables, including the primary outcome. Absolute and relative risk differences with 95% confidence intervals for all-cause mortality at 90 days are reported. Additional sensitivity analyses were performed with the use of multivariable logistic regression adjusted for predefined baseline covariates: country, age, score on the Acute Physiology and Chronic Health Evaluation II (APACHE II), systolic blood pressure (<90 mm Hg or ≥90 mm Hg), and presence or absence of invasive mechanical ventilation. We used the Kaplan-Meier method to calculate survival time from randomization to 90 days and the log-rank test to perform between-group comparisons. We used Cox proportional-hazards models adjusted for the previously specified baseline covariates to calculate hazard ratios with 95% confidence intervals. Values for length of hospital stay and duration of organ support were logtransformed and analyzed with the use of linear regression and are reported as ratios with 95% confidence intervals. We conducted subgroup analyses for the primary outcome for predefined variables: country, age (<65 years or ≥65 years), APACHE II score (<25 or ≥25), presence or absence of invasive mechanical ventilation, presence or absence or refractory hypotension, lactate level (<4.0 mmol per liter or ≥4.0 mmol per liter), and intravenous fluid administration (<20 ml per kilogram of body weight or ≥20 ml per kilogram). Subgroup analyses were performed with the use of logistic regression, with heterogeneity determined on the basis of interaction between treatment and subgroup. Odds ratios with 95% confidence intervals for death at 90 days are presented in a forest plot.
All analyses were performed with the use of SAS software, version 9.3 (SAS Institute). A twosided P value of 0.05 or less was considered to indicate statistical significance, except for the primary outcome, for which a P value of 0.0491 or less was used.
R esult s
Study Patients
We enrolled 1600 patients, with 796 assigned to the EGDT group and 804 to the usual-care group (Fig. 1) . Delayed consent was refused for 9 patients (3 in the EGDT group and 6 in the usual-care group), leaving an intention-to-treat population of 793 patients and 798 patients, respectively. By day 90, 1 patient in the usual-care group had revoked consent, and 2 patients (1 in each group) were lost to follow-up, leaving a final cohort of 1588 patients for whom the primary outcome was available: 792 (99.5%) in the EGDT group and 796 (99.0%) in the usual-care group.
Demographic and clinical characteristics at baseline were similar in the two groups (Table 1,  and Tables S2 and S3 in the Supplementary Appendix) . 31, 32 The criterion for refractory hypotension was met by 555 patients (70.0%) in the EGDT group and 557 (69.8%) in the usual-case group. The criterion for an elevated lactate level was met by 365 patients (46.0%) in the EGDT group and 371 (46.5%) in the usual-care group (Table 1) . There was no significant difference in the mean intravenous fluid volume that had been infused at baseline, with 2515±1244 ml (34.6±19.4 ml per kilogram) in the EGDT group and 2591±1331 ml (34.7±20.1 ml per kilogram) in the usual-care group. The median time from presentation to the emergency department until randomization was 2.8 hours (interquartile range, 2.1 to 3.9) in the EDGT group and 2.7 hours (interquartile range, 2.0 to 3.9) in the usual-care group.
Microbiologic Data
The median time between presentation to the emergency department and administration of the first dose of intravenous antimicrobial therapy was similar in the two groups: 70 minutes (interquartile range, 38 to 114) in the EGDT group and 67 minutes (interquartile range, 39 to 110) in the usual-care group. The lungs and urinary tract were the most common locations of infection, and blood cultures were positive in 38% of patients in each study group. The numbers of patients receiving treatment to control the source of infection up to 72 hours after randomization were 78 (9.8%) in the EGDT group and 97 (12.2%) in the usual-care group (P = 0.14). Detailed microbiologic data are presented in Table S4 in the Supplementary Appendix.
Interventions and Therapies
Patients who were admitted directly from the emergency department to the ICU numbered 690 ( in the usual-care group received continuous Scvo 2 monitoring during the first 6 hours. The volume of intravenous fluids administered during the first 6 hours was greater in the EGDT group than in the usual-care group (1964±1415 ml vs. 1713±1401 ml, P<0.001) (Table S5 in the Supplementary Appendix). More patients in the EGDT group than in the usual-care group received a vasopressor infusion (66.6% vs. 57.8%), red-cell transfusion (13.6% vs. 7.0%), or dobutamine (15.4% vs. 2.6%) (P<0.001 for all comparisons) ( Table S5 in the Supplementary Appendix). Between 6 and 72 hours, the proportion of patients receiving vasopressor infusions was higher in the EGDT group than in the usual-care group (58.8% vs. 51.5%, P = 0.004), as was the proportion of patients receiving dobutamine (9.5% vs. 5.0%, P<0.001) ( Table S5 in the Supplementary Appendix).
EGDT was stopped prematurely in 18 patients (2.3%). The median time to cessation was 3.5 hours (interquartile range, 1.2 to 5.6). The most common reasons were withdrawal of therapy (5 patients), transfer to the operating room (2 patients), and interhospital transfer (3 patients).
Physiological and Laboratory Values
At the end of the 6-hour intervention period, the mean arterial pressure was higher in the EGDT group than in the usual-care group (76.5±10.8 mm Hg vs. 75.3±11.4 mm Hg, P = 0.04). Other physiological and laboratory values were similar in the two groups ( Fig. S3 and Table S6 (Fig. 2A) . Between-group mortality was similar in all the predefined subgroups (Fig.  2B ). There were no significant between-group differences in 90-day mortality with the use of multivariable logistic regression and Cox proportional-hazards analysis after adjustment for the prespecified baseline covariates (Table S8 in the Supplementary Appendix).
Secondary and Tertiary Outcomes
The median length of stay in the emergency department after randomization was shorter in the EGDT group than in the usual-care group Table 2) . Overall, more patients in the EGDT * Plus-minus values are means ±SD. There were no significant differences in baseline characteristics between the two study groups. EGDT denotes early goal-directed therapy, and IQR interquartile range. † Scores on the Charlson comorbidity index range from 0 to 33, with higher scores indicating a greater burden of disease. ‡ A severity-of-illness score that was based on the Acute Physiology and Chronic Health Evaluation II (APACHE II) variables with the use of data that were recorded closest to, but prior to, randomization was calculated to assess baseline equivalence. Scores on the APACHE II range from 0 to 71, with higher scores indicating more severe disease and a higher risk of death. § Vasopressor infusions included one or more of the following agents at any dose for at least 30 minutes within 1 hour before randomization: norepinephrine, epinephrine, dopamine, metaraminol, and phenylephrine. ¶ Total intravenous fluids include fluids administered before arrival at the hospital and during the interval between presentation to the emergency department and randomization. ‖ Data on systolic blood pressure and lactate are provided only for patients who met the inclusion criterion for refractory hypotension (a systolic blood pressure of <90 mm Hg or a mean arterial pressure of <65 mm Hg after an intravenous fluid challenge of 1000 ml or more administered within a 60-minute period) or the inclusion criterion for hyperlactatemia (a lactate level of ≥4.0 mmol per liter). These values were recorded at the time that the inclusion criterion was met.
The 
B Subgroup Analyses
A Survival Probability of Survival Panel A shows Kaplan-Meier estimates of the probability of death at 90 days for patients with septic shock receiving either early goaldirected therapy (EGDT) or usual care for 6 hours (P = 0.82 by the log-rank test for the between-group difference). Panel B shows the odds ratio for death at 90 days in the EGDT group, as compared with the usual-care group, among all patients and in predefined subgroups. The size of the squares representing odds ratios corresponds to the relative size of the subgroup. The horizontal bars represent 95% confidence intervals. Scores on the Acute Physiology and Chronic Health Evaluation II (APACHE II) range from 0 to 71, with higher scores indicating more severe disease and a higher risk of death. IV denotes intravenous. 
Adverse Events
There was no significant between-group difference in the number of patients with one or more adverse events: 56 patients (7.1%) in the EGDT group and 42 patients (5.3%) in the usual-care group (P = 0.15). A breakdown of specific adverse events is presented in Table S9 in the Supplementary Appendix.
Discussion
In this randomized trial conducted in a variety of health care settings, we found that EGDT, as compared with usual care, did not reduce the primary outcome of 90-day all-cause mortality, either overall or in any of the prespecified subgroups, among patients with early septic shock who presented to the emergency department. There were also no significant differences in 28-day or in-hospital mortality, duration of organ support, or length of hospital stay. Adherence to the algorithm-directed therapies was very high, and the potentially confounding effect of the time to the administration of antimicrobial drugs was addressed by the requirement that such drugs be administered before randomization. In addition, the loss to follow-up was minimal. The statistical analysis plan was published before recruitment was completed, which eliminated the potential for analytical bias. 28 Although the trial could not be blinded because of the practical requirements of EGDT, the risk of bias was minimized through central randomization, concealment of study-group assignments before randomization to avoid selection bias, and the use of a robust primary outcome that would not be subject to observer bias. The results also have a high degree of external validity, since participating sites were representative of all regions across Australia and New Zealand, including metropolitan and rural centers, with a mix of EGDT implementation models based in the emergency department, ICU, or both.
The rate of death in our study was lower than that reported in the original EGDT trial. 11 This finding is consistent with data showing that inhospital mortality for patients who are admitted to ICUs with severe sepsis and septic shock has been reduced by 1 percentage point per year during the past two decades, with the decline beginning before the introduction of the Surviving Sepsis Campaign. 4, 8, 33 Although our study had entry criteria similar to those in the ProCESS study and the original EGDT trial, it is possible that the patients in our study had a reduced risk of death because of low rates of chronic disease and better functional status, as evidenced by the low proportion of nursing home residents before randomization. Nonetheless, the number of patients with septic shock at the time of enrollment was high, indicating that the target population was enrolled. The high number of patients who were discharged home may also support the small increment in mortality between hospital discharge and 90 days. There was no trend suggesting an effect of EGDT in any unadjusted or adjusted estimates of mortality, and subgroup analyses did not indicate that the benefit from EGDT increased with the severity of illness. Although contamination of the usual-care group by the incorporation of some elements of the EGDT protocol into usual care may have biased the study results, significant differences in EGDTspecific treatments that were administered in the two groups and the similarity between therapies administered in the usual-care group in this study and those in our pretrial observational study 25 indicate that such an effect in the usualcare group is unlikely.
Our findings agree with those of the ProCESS trial, 10 in which investigators also used a resuscitation algorithm that was similar to that used in the original EGDT trial. 11 Although our results differ from those in the original trial, they are consistent with previous studies showing that bias in small, single-center trials may lead to inflated effect sizes 34 that cannot be replicated in larger, multicenter studies. [35] [36] [37] Although the ProCESS study did not directly compare protocol-based EGDT for resuscitation with care that
